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Wheat flour replacement from 0 to 40% by single tef flours from three Ethiopian varieties 27 DZ-01-99 (brown grain tef), DZ-Cr-37 (white grain tef) and white 28 grain tef) yielded a technologically viable ciabatta type composite bread with acceptable 29 sensory properties and enhanced nutritional value, as compared to 100% refined wheat 30 flour. Incorporation of tef flour from 30% to 40% imparted discreet negative effects in 31 terms of decreased loaf volume and crumb resilience, and increase of crumb hardness in 32 brown tef blended breads. Increment of crumb hardness on aging was in general much 33 lower in tef blended breads compared to wheat bread counterparts, revealing slower firming 34 kinetics, especially for brown tef blended breads. Blended breads with 40% white tef 35 exhibited similar extent and variable rate of retrogradation kinetics along storage, while 36 brown tef-blended breads retrograded slower but in higher extent than control wheat flour 37 breads. Breads that contains 40% tef grain flour were found to contain five folds 99, DZ-Cr-387) to 10 folds (DZ-Cr-37) Fe, three folds Mn, twice Cu, Zn and Mg, and 1.5 39 times Ca, K, and P contents as compared to the contents found in 100% refined wheat grain 40 flour breads. In addition, suitable dietary trends for lower rapidly digestible starch and 41 starch digestion rate index were met from tef grain flour fortified breads. 42 levels reached 20% (Mohammed et al., 2009 ) and 30% (Ben-Fayed et al., 2008;  94 Alaunyte et al., 2012) . Tef breads deserved showed significantly lower sensory scores, 95 as only 10% and 5% tef breads had comparable acceptability scores to wheat bread in Since major challenge to include high levels of tef grain flours into breadmaking 101 matrices relates the production of bread with good volume, textural and sensory 102 attributes, changing the bread formulation and process conditions might be necessary. In 
Dough preparation and breadmaking
125
A straight dough process for a ciabatta bread type was performed using the following 126 formula on a 100g flour (tef + wheat) basis: 1.8% salt, 0.5% bread improver, 2% dry scanning from 0ºC to 105ºC at a heating rate of 5ºC/min. Each measurement was 180 performed at least in duplicate. The melting enthalpy was expressed in J/g of solids.
181
Crystallization data using melting enthalpies after storage were fitted to the Avrami 
198
Bioaccessible phenol determination was carried out by conducting an "in vitro"
199 digestive enzymatic mild extraction that mimics the conditions in the gastrointestinal 200 tract according to Angioloni and Collar (2011a) . Polyphenols content were determined 201 according to the Folin-Ciocalteau procedure as described by Singleton et al. (1999) .
202
Results were expressed as gallic acid (GA) equivalents.
203
For the detection of flavonoids, 1 g of ground freeze-dried bread was extracted in 10 ml 204 of 40% (v/v) ethanol for 30 min at room temperature according to Collar et al (2014a) .
205
The results expressed as mg of catechin equivalents (CE) per g of dry matter (dm). Laboratory acceptance panels were used to give an indication of consumer acceptance 214 of the tef breads under study that were baked the day before sensory testing and were 215 served at room temperature. Bread samples were Control 1 (100% refined wheat flour),
216
Control 2 (tailored mixture of 85% refined wheat flour 70% extraction rate and 15% 217 wheat bran, 10%, 20%, 30% and 40% DZ-01-99 (brown grain tef flour) addition to 218 refined wheat flour, respectively, 10%, 20%, 30% and 40% DZ-Cr-37 (white grain tef 219 flour) addition to refined wheat flour, respectively, and 10%, 20%, 30% and 40% DZ- (Table 1) , sensory acceptability (Table 2) , staling kinetics (Table 3) 241 and images of the tef-wheat blended breads ( Fig. 1 ) are discussed below. attributes. Scores for overall acceptability depended on the tef grain variety used, and 296 followed the order: DZ-01-99 ≈DZ-Cr-387> DZ-Cr-37 (Table 2 ). Breads made with 297 40% grain tef flour DZ-01-99 deserved average ratings on overall acceptability very 298 closed to the respective control wheat flour breads (6.0 vs 6.2), and were statistically The DSC thermal analysis data for 40% grain tef flour-blended breads generated from 301 storage after 9 days were defined according to the tef variety used, and the kinetics of 302 amylopectin recrystallization on aging were modelled using the Avrami equation. 
316
Incorporation of 40% (Table 4) in the bread resulted into significantly higher amounts 317 of micro-elements compared to the refined wheat, in agreement with previous studies
318
( Alaunyte et al., 2012) . This is especially true for Ca, Cu, Fe, K, Mg, Mn and P, 319 regardless the tef variety used for blending ( Table 4 ). Breads that contain 40% tef grain 320 flour were found to contain five folds (DZ-01-99, DZ-Cr-387) to 10 folds (DZ-Cr-37)
321
Fe, three folds Mn, twice Cu, Zn and Mg, and 1.5 times Ca, K, and P contents as Cr-387 breads (+90%), followed by 40%-DZ-Cr-37 (+65%) and 40%-DZ-01-99 (+61%) breads, while the larger decrease in hydrolyzable polyphenols with dose (from 373 10 to 40%) was observed for DZ-Cr-37 breads (-11%). As a result of the translocation 
382
The result shows the contents of non-extractable (hydrolyzable) phenolics were 566  567  568  569  570  571  572  573  574  575  576  577  578  579  580  581  582  583  584  585  586  587  588  589  590  591  592  593 -Effect of tef addition on the external appearance and internal structures of refined wheat bread depending on the addition level and tef variety . A) Control 1: 100% refined wheat bread; B) Control 2: mixture of 85% refined wheat flour 70% extraction rate and 15% wheat bran; C) 10% DZ-01-99 (brown grain tef flour) addition to refined wheat bread flour D) 40% DZ-01-99 (brown grain tef flour) addition to refined wheat bread E) 10% DZ-Cr-37 (white grain tef flour) addition to refined wheat bread flour F) 40% DZ-Cr-37 (white grain tef flour) addition to refined wheat bread flour; G) 10% DZ-Cr-387 (white grain tef flour) addition to refined wheat bread flour F) 40% DZ-Cr-387 (white grain tef flour) addition to refined wheat bread flour. Control (0%) 0.11 ± 0.01a 82.7 ± 3b 74.3 ± 2b 2.8 ± 3a -1.4 ± 1.9a 75.6 ± 0.6b 98.3 ± 0.8b 1.220.40b 5.790.83a 0.490.17a 0.850.40b 1.510.4a 0.975 DZ-01-99
1.58 ± 0.05c 76.7 ± 3a 67.6 ± 3a 3. 
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Values with a letter in common in the same column are not significantly different (p>0. 
